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BEL-LCOMM. INC.  
955 L’INIANI PLAlA N O R I N  S W. WASHINGTON, 0. C. 20024 _ _ _  ___. _--- 

FROM: S .  L .  Penn 

TECHNICAL MEMORANDUM 

I. I N T H O l J U C T I O N  

‘This memorandum a t t empt s  t o  answer  q u e s t i o n s  regard-  
; t i l :  t 1 1 ~  p i ’ a c t i c a l i t y  o f  a m u l t i - d i s c i p l i n a r y ,  e a r th  o r b i t a l ,  
; ~ d v m l c o d  manned m i s s i o n ;  e . g .  , are  t h e  e x p e c t e d  dav- to-day  
, ! , \ I I I ; I L I ~ S  0 1 1  s p a c e c r a f t  and crew r e a s o n a b l e ?  a r e  t h e r e  any  
f ’ i i 1 1 d a i n c l i L : i l  i n c o m p a t i b i l i t i e s  be tween t h e  r e q u i r e m e n t s  o f  t h e  
v:it*iou:; disc i p l i n c s ?  and  can  s u c h  a m i s s i o n  c o m f o r t a b l y  h a n d l e  
oI’L’-1ioiniiial as well as nominal  s i t u a t i o n s  a n d ,  i f  s o  , how? 
licfererlcc 1. C r i t i c a l  a s s u m p t i o n s  and  g u i d e l i n e s  a re  r e s t a t ed  
i n  S e c t i o n  11 o f  t h i s  p a p e r .  

I 1  I i l C .  miss ion  c o n c e p t  and  o p e r a t i o n a l  framework i s  d e s c r i b e d  i n  

The a p p r o a c h  i s ,  f i r s t ,  to summarize and  d i s c u s s  t h e  
p r , i i i c i p a l  o p e r a t i o n a l  and  e x p e r i m e n t a l  d i s c i p l i n e s  ( b a s e d  on  
t l i e i r  d e s c r i p t i o n s  i n  d r a f t s  of c o r r e s p o n d i n g  memoranda, b e i n g  

piot.pared by  t h e  a u t h o r  and  co-workers  ( 2 - 7 ) ) a n d ,  t h e n ,  t o  p r e -  
sctit t h e  d i s c i p l i n e s  i n  c h a r t  f o r m a t  as s u b s e q u e n c e s  i n  a n  
overall s e q u e n c e  p l a n  o f  a nominal  d a y . *  I n  t h e  c h a r t  t h e  
s u l ) s e q u e n c e s  a re  shown t o  be a c o m p a t i b l e ,  p a r a l l e l  and  s e r i e s ,  
Lir’o[’;ression o f  e v e n t s  and a c t i v i t i e s  , or modes.  S u f f i c i e n t  
[[i icornmitted c rew t i m e  i s  s e e n  t o  e x i s t  t o  d e a l  w i t h  c o n t i n -  
~ ~ : c ~ n c i e s  as t h e y  a r i s e ,  w i t h  minimum impac t  t o  a c t i v i t i e s  re- 
qui i- i r i g  c orit i n u i t y  . 

Y’he memorandum does  n o t  d e a l  w i t h  t h e  t a s k s  o f  
f ’ 1 i t ; h t  s u p p o r t ,  r e n d e z v o u s ,  s t a t i o n  a s s e m b l y  and  p r e p a r a t i o n ,  
l o g i s t i c s  r e s u p p l y ,  e t c .  R a t h e r ,  i t  c o n f i n e s  i t s  a t t e n t i o n  
t o  t h e  c o n d u c t  o f  t h e  e x p e r i m e n t  p e r f o r m a n c e  p a r t  o f  t h e  m i s -  
s i  o n .  

“To f a c i l i t a t e  t h i s  t i m e - l i n e  t y p e  p r e s e n t a t i o n ,  i n  t h e  
r.cal’erenccd s t u d i e s  e a c h  t e c h n i c a l  d i s c i p l i n e  i s  t r ea t ed  as a 
~13cl;agc o f  e x p e r i m e n t s  tha t  c o u l d  b e  r u n  i n  a c o o r d i n a t e d  
rtiaiiiier r.atlier t h a n  a s  assemblies o f  i n d i v i d u a l  , i n d e p e n d e n t  
tsxperiiiicnt s. * I  

(NASA-CR-103981) HISSION SEQ3ENCE PLAN FOR N79-71613 
A MULTI-DISCIPLINARY E A R T H  ORBITAL SPACE 
STATION, A PRELIMINARY RZPCRT TECHNICAL 
M E R O G A W D U M ,  27 DEC, 1968 (Rellcomm, I n c , )  Unclas  
18 P 00/72 11529 
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T h e  c o n f i c u r a t i  o n  b a : , c l i n c  for ttlc g j u d v  I: :  : I  lL?lo,; t '  
i n t e r p r e t a t i o n  o f  t h e  S a t u r n  V ,  B-2 Work::liop( ( t l i ( .  . ; t  i 4 i i < - -  
I I U F ' ,  ".g. , SLVh t a n k ,  h t e s , r a i ,  rriodula1., etc., is irnnlate1.- 
i a l  ) .  Included a r e :  a crew of s i x ;  a n  a p p r o x i m a t e l y  
OO-day l o g i s t i c s  c y c l e  f o r  r e s u p p l y ,  e x p e r i m e n t  c h a n g e ,  da t a  
~ ~ C t u r r l ,  a n d ,  p o s s i b l y ,  c rew r o t a t i o n ;  and  s e p a r a t e l y  g i m b a l l e d  
a . : t r o n o m y  and e a r t h - l o o k i n g  e x p e r i m e n t  p a c k a g e s ,  f o r  p o i n t i n g  
J : c ln r r a l ly  i n d e p e n d e n t  of s p a c e c r a f t  a t t i t u d e .  It  was a l s o  
:t:.;urt1~d, as per' t h e  r e f e r e n c e d  Workshop s t u d y ,  t h a t  t h e s e  
pnc  cai:c:; o p e r a t e  i n  p r e s s u r i z a b l e  compar tments  s o  t h a t  EVA i s  
r iot  i 'c>(luired f o r  m a i n t e n a n c e  o r  s e r v i c e .  

The e x p e r i m e n t s  p a y l o a d  i s  o f  If i n t e r m e d i a t e "  to " l a r g e "  
A s e p a r a t e  g u i d e l i n e  f o r  t h i s  s t u d y  d i r e c t e d  t h a t  the , ; i : : t l (3) .  

~ x ~ ) e r ~ i ~ n e n t  systems be  h e a v i l y  a u t o m a t e d  t o  o b t a i n  a l a rge  ex- 
l ~ ~ i -  i m c n t a l  r e t u r n  p e r  a s t r o n a u t  man-hour. 

I J I. SUL3SKQUENCES 
L_ 

T h e  s u b s e q u e n c e s  of which  tihe m i s s i o n  c o n s i s t s  a r e :  
o p e r a t i o n s  and Main tenance ,  Astronomy, E a r t h  Looking ,  Biomed- 
i c  !ne, U i o s c i e n c e ,  and P e r s o n a l  M a i n t e n a n c e .  
c:1t,ell;ory t i t l e d  O t h e r  S c i e n c e  and  Technology r e p r e s e n t s  t h e  
~ l ) p o r > t u r l i t y  f o r  a d d i t i o n a l  e x p e r i m e n t  a c t i v i t i e s  
; L I I C ~  i8c\c t 3 c a t i o n )  t o  b e  per formed d u r i n g  
titne i n  tlie nomina l  day .  
b e l o w .  
nicinoranda. 

A r e m a i n i n g  

(or f o r  r e s t  

For more d e t a i l  t h e  reader  i s  r e f e r r e d  to t h e  p e n d i n g  

t h e  u n s c h e d u l e d  
T h e  s u b s e q u e n c e s  a r e  r e v i e w e d  b r i e f l y  

C I E r a t i o n s  and Main tenance  \ d )  

F o r  t h i s  s t u d y ,  s p a c e  o p e r a t i o n s  i s  d e f i n e d  i n  a 
I i rni ted way. Normal ly  i n c l u d e d  maneuver ing  a n d  h a b i t a b i l i t y  
~ . ) r > e p a r a t i o n s  would n o t  be i n v o l v e d  i n  t h e  p a r t  o f  t h e  m i s s i o n  
u i i t l e r  cboilsi.derat i o n .  Exper iment  a n d  p e r s o n a l  a c t i v i t i e s  are  
t t v n t e d  s e p a r a t e l y .  O p e r a t i o n s  would c o n s i s t ,  b a s i c a l l y ,  o f  
a u t o m a t i c  c o n t r o l  o f  s y s t e m  s t a t u s  t o  keep  i t  w i t h i n  n o m i n a l  
I i n i i t s ,  a u t o m a t i c  m o n i t o r i n g  to check  s y s t e m  p e r f o r m a n c e  and 
warn of m a l f u n c t i o n s  o r  d a n g e r ,  and a n  o c c a s i o n a l  manual  i n -  
:;pc:ction of t h e  s p a c e c r a f t  and i n s t r u m e n t s ,  which  might  be 
d i s c o n t i n u e d  if s y s t e m  c o n f i d e n c e  grew to w a r r a n t  i t .  Ex ten -  
. ; jvc> demands o f  t h e  crew i n  t h i s  s u b s e q u e n c e  would o n l y  be 
rllacic i n  emergency s i t u a t i o n s .  Ma in tenance ,  w h i l e  o f f - n o m i n a l  
t o  the e x t e n t  that it  i s  u n s c h e d u l e d ,  t akes  on  more t h a n  o r -  
dinaray s i g n i f i c a n c e ,  s i n c e  t h e  c o n c e p t  o f  b e i n g  ab le  t o  make 
1 1 ~ c e ~ s a r y  r e p l a c e m e n t s  o r  r e p a i r s  i s  t h e  assumed a p p r o a c h  to 
e x t e n d e d  a n d  r e l i a b l e  manned f l i g h t s .  S a f e t y  c r i t i c a l  f e a t u r e s  
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( n ) 
W O I A  i c i  t jf; r ~ : ~ i i ~ r i ~ i ~ t  r i l ,  , ::(J ( w ~ ~ r ~ : ( ~ l l ( !  i ( ' : ;  ( 1 1 1 ~  Lo rn:i I I ' i ~ i i ~ * l  i o r i ; ;  
:;!IOU Id h c  rare'. For* t 1rnc11nl r i f : ,  i n L r i o r  r.cp:iLr:; Lo ( ~ x ~ i ~ ~ ~ l i t l t ~ ~ ~ t  

ha rdware  a r e  hand led  f o r m a l l y  w l t h i n  the  t i m e  a l l o t t c ( i  t o  t h t .  
conce rned  s u b s e q u e n c e s .  Major r e p a i r s  of  e x p e r i m e n t s  or1 t h e  
w h o l e  s y s t e m  l e v e l  and  r e p a i r s  o f  o p e r a t i o n a l  equipment  would 
be h a n d l e d  as an  of f -nominal  mode w i t h i n  t h i s  s u b s e q u e n c e .  

A st roriorny (3) -- ___ 

T h i s  subsequence  c o n s i s t s  o f  p a r a l l e l  s o l a r ,  s t e l l a r ,  
a n d  x-ray/gamma r a y  s u r v e y  (EMR) o p e r a t i o n s .  The l a t t e r  two a r e  
p r ' i m a r i l y  au tomated ,  and  t h e  f o r m e r  a l t e r n a t e s  be tween au tomated  
patrol modes and manned, h i g h  da t a  r a t e  o b s e r v a t i o n s  of s e l e c t e d  
so l a r  f e a t u r e s .  EVA e x a m i n a t i o n  of  t h e  equipment  w a s  t h o u g h t  
d e s i r a b l e  for i t s  p o t e n t i a l  enhancement of  t h e  r e l i a b i l i t y  and 
long  term h i g h  pe r fo rmance  o f  t h e  sys t em ( p a r t i c u l a r l y  i f  IVA 
s e r v i c e ,  as p l a n n e d  f o r  t h i s  m i s s i o n ,  i s  n o t  p o s s i b l e ) .  I n  any 
c a s e ,  by  t h e  1975 t i m e  p e r i o d  a n  e x p e r i m e n t a l  EVA c a p a b i l i t y  
s h o u l d  b e  a v a i l a b l e ,  s o  that o c c a s i o n a l  e x a m i n a t i o n  of  as t ronomy 
e x p e r i m e n t  equipment  i s  p o s s i b l e .  

E a r t h  Looking ( 4 )  

T h i s  c a t e g o r y  i n c l u d e s  e a r t h  s c i e n c e s  and  a p p l i c a t i o n s  
i n  t h e  b r o a d e s t  s e n s e ,  i . e . ,  a l l  ear th  d i r e c t e d  i n s t r u m e n t s .  
Lt i s  s e e n  as a n  e s s e n t i a l l y  a u t o m a t i c  o r  ground programmed 
m u l t i - i n s t r u m e n t  a c t i v i t y ,  w i th  manned s u p p o r t  f o r  s e r v i c e ,  
per i formance check ,  and s p e c i a l  t a r g e t  s e l e c t i o n .  The i n s t r u m e n t s  
a i id  t e s t s  i n  o p e r a t i o n  a t  any p a r t i c u l a r  t i m e  would depend 
strongly on t h e  ground t r a c k ,  t h e  sun  a n g l e ,  and  t h e  weather.  
I n s t , a n t a n e o u s  da ta  g e n e r a t i o n  r a t e s  d u r i n g  pho tography  would b e  
v e r y  l a r g e ,  bu t  t r a n s m i s s i o n  ra tes  t o  e a r t h  w i l l  b e  k e p t  w i t h i n  
r e a s o n a b l e  l i m i t s  by d a t a  s e l e c t i o n  and  d e l a y e d  h a r d  da ta  r e t u r n  
(discussed f u r t h e l a  i n  Section I V  u n d e r  Resource  R e q u i r e m e n t s ) .  

(5) Bi o me d i  c i ne 
- - - _ _ I - ~  

Biomed ic ine  i s  s e e n  as t h e  p e r f o r m a n c e  on e a c h  a s t r o n a u t  
o f  Lhe t e s t s  n e c e s s a r y  t o  d e t e r m i n e  h i s  p h y s i o l o g i c a l  and 
b e h a v i o r a l  a d a p t a t i o n  t o  t h e  s p a c e  env i ronmen t  and  t o  p r e d i c t  h i s  
ability t o  o p e r a t e  s u c c e s s f u l l y  i n  t ha t  env i ronmen t  f o r  t h e  
d u r a t i o n  o f  t h e  c u r r e n t  and  e x t e n d e d  m i s s i o n s  and  d u r i n g  t h e  
r e e n t r y  p h a s e  of t h e  c u r r e n t  m i s s i o n .  T h e r e  would be one  
n i ed ica l  e x p e r i m e n t a t i o n  p e r i o d  of  4-1/2 h o u r s  p e r  day  f o r  e a c h  
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The medical tests are, among other things, intended to 
assist in identifying illness or deconditioning. If a marl is SO 
afflicted as to be incapable of work, then the active biomedical 
mode in which he would serve as subject is replaced in the time 
line by an inactive mode. His duties as observer or laboratory 
technician can generally be picked up by someone else. The 
main time line impact of an afflicted astronaut will be reflected 
by changes in the Personal Maintenance subsequence, where 
astronaut availability f o r  work is determined. 

Bioscience activities will include animal, insect,* plant, 
; ~ t l t l  exobiology experiments. The animals will enable extended 
(juration zero-g adaptability tests and the development of 

lMBLMS is a major hardware item here, t o o .  The exobiology 
tests are seen as developing advanced, sterile space laboratory 
techniques for examination, f o r  life forms, of extraterrestrial 
material (as might be recovered from meteorites, the Moon, or, 
ultimately, planetary probes). 

I r ; e n e r n l  surgical procedures f o r  emergency use in space. The 

( 7 )  Personal Maintenance ______--- 

Personal Maintenance is the key subsequence in that 
it determines when the other subsequences have manpower available 
Tor  their support. The Personal Maintenance subsequence requires 
:1 schedule framework within which the crew's personal activities-- 
slt.cping, eating, hygiene, exercise, recreation, etc., --and work 
1,asks can be  most readily performed. For the purpose of drafting 

I 

1 '  
l 

*One may wish to quarrel with the amount of time set aside ' 

f o p  medical experiments on a daily basis. However, the indicated 
request is consistent with current space medicine (NASA/MM) , 
thinking, and can be further supported by desensitizing the time 
l i r ic .  For instance, we may assume that a substantial biotechnology/ 
human engineering/EVA effort may Occupy this time as individuals 
or the entire crew are released from intensive medical surveillance. 
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t h i  s c ,chedule ,  i t  i s  assumed t h a t  a m u l t i - d i s c i p l  I n a r y  rt i i  3:: i o r 1  

w i l l  be most r .espor i s ivo  t o  all i t s  r ;oa ls  i f  i t  is  p lnnnc( t  I - o r i  
711 h o u r s  a day o p e r a t i o n  W i t h  r ound- the -c lock  (thouy;h not, 
c o n t i n u o u s )  manned p a r t i c i p a t i - o n .  T h i s  i s  accommodated b y  ;I 
t h r e e  s h i f t  d a y , w i t h  f o u r  of t h e  s i x  a s t r o n a u t s  awake and two 
s l e e p i n g  on e a c h  s h i f t .  F i g u r e  1 ( f rom R e f e r e n c e  7 )  shows what 
suc l1  a d a y  migh t  l o o k  l i k e .  

Prom t h e  F i g u r e  i t  i s  s e e n  t h a t  e a c h  s h i f t  r e p e a t s  t h e  
~ m e  t h ree  modes as t h e  p r e c e d i n g  s h i f t :  a two h o u r  p e r i o d  of  
i \vp l~n~:c  ( i n t e r m e d i a t e )  P e r s o n a l  Ma in tenance ,  when two men are  
; ~ v ~ , l i l : ~ b l ~  f o r  work;  a f o u r  hour  p e r i o d  o f  Minimum P e r s o n a l  
M;iiritcn3iicc, when f o u r  are a v a i l a b l e ;  and  a two h o u r  p e r i o d  o f  
iy:lx- i rnLiiri P e r s o n a l  Ma in tenance ,  when none a r e .  T h i s  v a r i a t i o n  
i r i  t h e  a v a i l a b l e  manpower enables e x p e c t e d  f l u c t u a t i o n s  f rom t h e  
iloI-1n:il l e v e l  o f  work a c t i v i t y  t o  be  f i t t e d  i n t o  t h e  s c h e d u l e .  
'l'Iic> 1011;: four-man work p e r i o d  i s  a c h i e v e d  i n  e a c h  s h i f t  by 
st , ; ip;gc>lhi1ig e a c h  a s t r o n a u t  'S d a y  i n  much t h e  same way as a 
woial, i iig d a y  on  earth, even  t o  t h e  p o i n t  o f  i l av ing  l e s s  t i m e  
bet,wec-.n b r e a k f a s t  and l u n c h  t h a n  be tween l u n c h  and d i n n e r .  

The two hour  p e r i o d s  d e s i g n a t e d  "Work or Rest a n d  
l icbc:iBcation" a r e ,  f o r  s c h e d u l i n g  p u r p o s e s ,  g e n e r a l l y  r e g a r d e d  as 
W O I ~ ~  t i m e .  They o n l y  s e r v e  t he  R & R  f u n c t i o n  when t h e  men a r e  
not, needed  for work o r  when t h e y  have  n o t  g o t t e n  s u f f i c i e n t  R & R  
11-1 be tween  t h e i r  a s s i g n e d  a c t i v i t i e s .  A s  w e  s h a l l  see,  r e s t  
and r e c r e a t i o n  i s  p o s s i b l e  a t  o t h e r  t i m e s ,  s i n c e  t h e  r e g u l a r  
"IJopj(" p e r i o d s  a r e  n o t  f u l l y  u t i l i z e d  and  s i n c e ,  as  R e f e r e n c e  7 
p0.111t;s o u t ,  t h e  e i g h t  hour " S l e e p "  period may b e  e x c e s s i v e  

I n  t h e  e v e n t  t h a t  someone i s  t o o  ill t o  work, m o d i f i e d  
P e r s o n a l  Main tenance  modes go i n t o  e f f e c t  d u r i n g  t h o s e  p e r i o d s  
W I I ~ I I  he o r d i n a r i l y  would have b e e n  a v a i l a b l e  f o r  work; b u t ,  u n l e s s  
lie rieeds s p e c i a l  c a r e ,  t h i s  would n o t  g e n e r a l l y  impact  t h e  modes 
o f  t h e  o t h e r  d i s c i p l i n e s .  The o t h e r  a s t r o n a u t s ,  however ,  w i l l  
have less  t ime o f f  w h i l e  a man i s  s i c k  and a u x i l i a r y  e x p e r i m e n t s  
will have to be p o s t p o n e d .  

Ot,her -___ S c i e n c e  and  Technology 

O t h e r w i s e  unschedu led  t i m e  i s  a s s i g n e d  t o  t h i s  s u b s e q u e n c e .  
'l'liis "swing  t i m e "  i s  a v a i l a b l e  f o r  i r r e g u l a r l y  s c h e d u l e d  
a c t i v i t i e s ,  minor  c o n t i n g e n c i e s ,  r e s t  and r e c r e a t i o n ,  or a d d i t i o n a l  
t l x p e r . i m e r i t s .  The e x p e r i m e n t s  c o u l d  be  p h y s i c a l  s c i e n c e  or 
t ,e>chnology t y p e s  , w i t h  add-on equipment  ( s u p p l i e d  b e f o r e  l a u n c h  
(11' v i a  l o c i s t i c  f l i g h t s )  o r  w i t h  a l r eady-on-boa rd  e q u i p m e n t .  
'I'hcy could b e  p r e p l a n n e d  o r  t h e y  c o u l d  b e  g e n e r a t e d  i n  r ea l -  or 
n e a r - r e a l - t i m e ,  by t h e  a s t r o n a u t s  o r  by ground based s c i e n t i s t s .  
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'1 '111 :; :;(let, I o r i  d c s c r l b e s  t h e  c o n s t r u c t i o n  o f  a nominal  
(i;i,y :; : I c t , l v l t , y  on ;1 m u l t i - d i s c i p l i n a r y  m i s s i o n .  It  was a r r i v e d  
;It, by s epa ra t e ly  programming t h e  s e v e r a l  d i s c i p l i n e s ,  combining  
t , l i c x s e  p rograms on one c h a r t ,  s e e i n g  where t h e  o v e r l a p p i n g  
a c t i v i t i e s  p l a c e d  e x c e s s i v e  demands on s p a c e c r a f t  r e s o u r c e s ,  
and i t e r a t i v e l y  m a n i p u l a t i n g  t h e  separate  s c h e d u l e s  ( w i t h i n  
bounds a c c e p t a b l e  to t h e  r e s p e c t i v e  i n v e s t i g a t o r s )  u n t i l  a n  
a p p a r e n t l y  f e a s i b l e  m i s s i o n  r e s u l t e d .  

F i g u r e  2 shows t h e  sequence  p l a n  t h a t  was d e v e l o p e d .  
The s u b s e q u e n c e s  a r e  l i s t e d  i n  t h e  f i r s t  column, t h e i r  modes* i n  
the n e x t  column, and  t h e  s c h e d u l i n g  i s  d e t a i l e d  i n  t h e  r e m a i n d e r  
o f  t h e  c h a r t .  S h i f t ,  o r b i t ,  and  hour  d e s i g n a t i o n s  are a c r o s s  t h e  
t o p .  C r e w ,  power ,  and  b i t  r a t e  r e s o u r c e  r e q u i r e m e n t s  for e a c h  
mode a re  a t  t h e  r i g h t .  

I n  t h e  F i g u r e ,  a c t i v e  modes a re  i n d i c a t e d  by h o r i z o n t a l  
b a r s ,  and t r a n s i t i o n s  from one mode t o  a n o t h e r  by b r e a k s  i n  t h e  
b,'ti's. For  manned modes,  t h e  number o f  p a r t i c i p a t i n g  crewmen i s  
rioted a t  t h e  l e f t  end  o f  t h e  bars. Summed v a l u e s  o f  c rew,  power,  
:;inti b i t  r a t e  a re  shown a l o n g  t h e  b o t t o m ,  and t h e  e x p e c t e d  r e s o u r c e  
; i v : t i l a b i l i t y  a t  t h e  bot tom r i g h t .  S e p a r a t e l y  d e l i n e a t e d  by 
c r 'oss  h a t c h e d  bars  a re  a c t i v i t i e s  wh ich ,  w h i l e  n o t  e x p e c t e d  t o  
o c c u r  d a i l y ,  are s t i l l  r e g a r d e d  as nomina l  a n d ,  as t h e  summed 
f i g u r e s  show, c a n  s t i l l  b e  accommodated; e . g . ,  Specimen A n a l y s i s  
( 5 C )  would o c c u r  abou t  one t o  two d a y s  p e r  week and  Exob io logy  
(5E) i s  s e e n  as o c c u r i n g  f o r  a b o u t  s e v e n  to t e n  c o n s e c u t i v e  
d a y s  p e r  l o g i s t i c s  c y c l e .  The s i m i l a r l y  i n d i c a t e d  O t h e r  S c i e n c e  
and Technology e x p e r i m e n t s  ( 7 A )  c o u l d  b e  worked i n  w i t h  them. 
Thei r  a b s e n c e  would e n a b l e  t h e  Other  S c i e n c e  and  Technology s e r i e s  
(7R), r e p r e s e n t e d  by shaded  ba r s ,  t o  b e  pe r fo rmed  o r  would 
s i m p l y  p r o v i d e  f r e e  t i m e .  The dashed bars o f  7 A  and  7 B  show when 
[ j d d i t i o n a l  t a s k s  o f  s h o r t  d u r a t i o n  o r  c a p a b l e  of i n t e r r u p t i o n  c a n  
b c  done ,  if d e s i r e d .  Assignment of t h o s e  p e r i o d s  f o r  work s h o u l d  
b e  s e n s i t i v e  and  s u b o r d i n a t e  t o  r e s t  and  r e c r e a t i o n  n e e d s ,  however .  

C e r t a i n  a s p e c t s  of t h i s  p l a n  a r e  s e e n  t o  b e  r i g i d  w h i l e  
others are more f l e x i b l e .  The P e r s o n a l  Ma in tenance  s c h e d u l e  o n c e  
c h o s e n  i s  p r e s e r v e d .  The e x t e n d e d ,  r o u t i n e  o p e r a t i o n s  r e q u i r i n g  

*The r e f e r e n c e d  subsequence  r e p o r t s ,  f rom which much o f  t h e  
d a t a  i n  F i g u r e  2 has b e e n  a b s t r a c t e d ,  e a c h  c o n t a i n  a c h a r t  summarizillp: 
modes o f  a c t i v i t y  which may o c c u r .  T h e  d e s c r i p t i o n  of  a mode 
i n c l u d e s  f r e q u e n c y  o f  o c c u r r e n c e  and d u r a t i o n ;  a d e s c r i p t i o n  of  
t hc  f u n c t i o n s  and who pe r fo rms  them; c rew,  power,  and  data  r a t e  
r c q u i r e m e n t s ;  and f a c t o r s  which c a u s e  t r a n s i t i o n s  from one mode t o  
a n o t h e r .  Thc  s c h e d u l e d  modes ( p r e c e d e d  by a n  "S" i n  F i g u r e  2 )  
u s u a l l y  o c c u r  d a i l y ,  t hough  some may b e  on a weekly  o r  o t h e r  bas i s .  
'l'hc~ u n s c h e d u l e d  modes ( " U "  I n  F i g u r e  2 )  have  o n l y  t h e i r  l a c k  of 
p r ~ o L ~ r ; l r n a b . i  l i t y  i n  common and c a n  r e s u l t  f rom d e s i r a b l e  e v e n t s ,  
s i i c h  ;IS s o l a r  f l a r e s  , t o  u n d e s i r a b l e ,  b u t  a n t i c i p a t e d  ( h o p e f u l l y )  
( 'vents  , s u c h  as m e t e o r  p u n c t u r e s .  
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1ii;iiined p a r t i c i p a t i o n  have  t o  be c a r e f u l l y  s c h e d u l e d  s o  as to 
i’i 1, W J  t h  Perr ,onnl  Main tenance ;  e . g .  , t h e  i n t e r v a l s  be tween  t h e  

q 1 1  I C ~ ,  Silri (2B) models a re  3 ,3 ,  and  t h e n  4 o r b i t s  a n d  c a n ’ t  
t ) ( >  T’c>;ld3 l y  x ~ j u s t e d  w i t h o u t  i m p a c t i n g  o t h e r  manned a c t i v i t i e s .  
/ \ I  S O ,  t,lle m e d i c a l  a c t i v i t y  canno t  b e  s h i f t e d  t o  any m e a n i n g f u l  
dc!:i’ee. 

Some of  t h e  a c t i v i t i e s  shown c a n  b e  c o n v e n i e n t l y  s h o r t e n e d  
or l c l l g t h e n e d ,  f o r  t e c h n i c a l  o r  s c h e d u l i n g  r e a s o n s .  The i n d i c a t e d  
r e g u l a r  c y c l i n g  of  t h e  au tomated  modes i s  a r t i f i c i a l .  C l e a r l y ,  
Stellar, Operate (2G) need  not r e s u l t  i n  u n i f o r m l y  l o n g  p e r i o d s  
0 7  o p e r a t i o n  w i t h  p r e c i s e l y  r e g u l a r  i n t e r r u p t i o n s  f o r  S t e l l a r ,  
P o i n t  a n d  Check (2F). Showing i t  t h a t  way s e r v e s  as a good 
p o i n t  o f  d e p a r t u r e  for t h e  more d e t a i l e d  p l a n n i n g  t h a t  would f o l l o w  
were this  p a r t i c u l a r  m i s s i o n  to be a d o p t e d  or d e v e l o p e d  f u r t h e r .  

Less f r e q u e n t  o r  s h o r t e r  o p e r a t i o n s  may b e  s h i f t e d  q u i t e  
f r e e l y .  F i l m  P r o c e s s i n g  ( 2 1 )  i s  a once  a day  i t e m  which  c a n  b e  
r2e:Itlily moved a r o u n d .  Modif ied  Watch OB) , r e q u i r e d  once  e a c h  s h i f t ,  
may be s a t i s f a c t o r i l y  per formed a t  i r r e g u l a r  ra ther  t h a n  r e g u l a r  
i n t e r v a l s ,  s o  l o n g  as a r e a s o n a b l e  t i m e  be tween p e r f o r m a n c e s  i s  
o b s e r v e d .  We may even  f i n d  i t  c o n v e n i e n t  f o r  t h e  man on watch  t o  
t t ~ r l d  t o  t h e  a n i m a l s  ( 5 B )  when he a r r i v e s  i n  t h e i r  v i c i n i t y .  A l s o ,  
A:;t,ronomy’s S t e l l a r ,  P o i n t  and Check (2F) and E a r t h  L o o k i n g ’ s  
Mnllual ( 3 C )  and  C a l i b r a t e  (3D) c a n  p r o b a b l y  be pe r fo rmed  on a l ess  
1.it;i.d s c h e d u l i n g  bas i s  t h a n  shown i n  t h e  F i g u r e .  T h i s  would ,  a t  
t.imes, e n a b l e  t h e i r  b e i n g  done c o n s e c u t i v e l y  b y  t h e  same man, 
t l i e r e b y  a v o i d i n g  i n c o n v e n i e n t  i n t e r r u p t i o n s  o f  o t h e r  a c t l v i t i e s .  
I n  t h e  same v e i n ,  i f  t h e  Specimen A n a l y s i s  ( 5 C )  mode c o u l d  n o t  be 
c o n v e n i e n t l y  s h o r t e n e d  ( a s  shown i n  F i g u r e  2 ,  i t  has a l/3 h o u r  
tail t h a t  c o n f l i c t s  w i t h  2 F ) , i t  c o u l d  s t i l l  be comple t ed  by 
d r o p p i n g  t h e  c o n c u r r e n t  2F mode, p o s t p o n i n g  2F t o  t h e  n e x t  s h i f t ,  
or,perhaps, by h a v i n g  the  man on Q u i e t  Sun (2B) d u t y  come down and  
p e r f o r m  ?F’ d u r i n g  a d a r k  s i d e  pass .  

Off-Nominal  -- - P e r i o d s  

An o f f -nomina l  p e r i o d  i s  c a u s e d  by t h e  o c c u r r e n c e  of  any 
0110 o r  more u n s c h e d u l e d  e v e n t s  ( c o n t i n g e n c i e s )  c a p a b l e  o f  r e q u i r i n g  
;t t r a n s i t i o n  t o  any o f  t h e  “U” modes on F i g u r e  2 .  These e v e n t s  
3rp n o t  n e c e s s a r i l y  of  a n  emergency n a t u r e ,  t hough  t h e y  o f t e n  
yeql l i rc  prompt a t t e n t i o n  to a v o i d  d e g r a d i n g  t h e  m i s s i o n .  Thev 
C O V I ’ I ’  a wide  r a n g e  of  d e s i r a b i l i t y  and r e s p o n s e s ,  for example :  
h l g l ~ l y  d e s i r e d  s o l a r  f l a r e s  of i m p o r t a n c e  1-3 ,  r e q u i r i n g  prompt 
t r a r i s i t i o n s  t o  F l a r e  (2D) mode if t h e i r  s t u d y  i s  t o  be  e f f e c t i v e ;  
1txs.; d e s i r e d ,  b u t  e x p e c t e d ,  component f a i l u r e s ,  r e s u l t i n g  i n  a 
I I I C ~ I * ~ >  I e i s i l r e l y  t r a n s f e r ,  w i t h i n  c e r t a i n  c o n s t r a i n t s  , t o  a n  appro -  
k3 t J i : i t c>  yeL)aii> mode Sue11 as Earth L o o k i n g ’ s  3 G  o r  B i o m e d i c i n e ’ s  4C 
: L L ~ J  c~oitip1etely u n d e s i r e d  f i r e s  o r  me teo r  p u n c t u r e s ,  r e s u l t i n g  i n  
;i i i i ; i J o i a  iiiik>act to inany o r  a l l  a c t i v i t i e s  and a n  immedia te  t r l a n s i -  
i i o i i  t o  ollc of‘ t h P  emergency modes of‘ O p e r a t i o n s  and  Main tenance ,  
I ~ ~ ~ I I I O  l y  I i t ~ j ~ r z i r .  ( S u i t e d )  (13’) , Standby (lG), o r  Abort  (1H). A l i s t  
L > ~ ’  / joJ . j  i L , 1 < >  co r i t i i i genc ie s  i s  o f f e r e d  i n  F i g u r e  3 .  The l i k e l i h o o d  
l ’ : i ~ > f  ~ 1 1 8 ; ;  :isL;ii.;tied a r e  the a u t h o r  s bes t  g u e s s .  
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The r a t e  o f  o c c u r r e n c e  o f  o f f -nomina l  modes depends  
on t he  t y p e  o f  e v e n t  c a u s i n g  them. T h e i r  impact  on t h e  nominal  
s i t u a t i o n  depends  on how well  t h e i r  o c c u r r e n c e  h a s  been  a n t i c i p a t e d  
and w h e t h e r  t h e  c o n f i g u r a t i o n  and m i s s i o n  p l a n  have  been k e p t  
f l e x i b l e  enough t o  a l l o w  f o r  t h e i r  r e a d y  d i s p o s i t i o n .  A s  a n  
example, w e  c o n s i d e r  t h e  o c c u r r e n c e  of  s o l a r  f l a r e s .  Any o t h e r  
c o n t i n g e n c i e s  o f  comparable  f r e q u e n c i e s  would be s i m i l a r l y  
t r c n t e d .  I f  a f l a r e  s h o u l d  o c c u r  on e i t h e r  o f  t h e  f i r s t  two 
s t l i f ts  d u r i n g  t h e  Q u i e t - S u n  (2B) mode, which r e q u i r e s  one-man 
p a r t i c i p a t i o n ,  F i g u r e  2 shows t h a t ,  i n  v iew o f  t h e  manpower 
a v a i l a b l e  t h e n , a  t r a n s i t i o n  t o  F l a r e  (2D) mode, r e q u i r i n g  two 
men, would be  p e r m i t t e d .  If a f l a r e  o c c u r r e d  i n  t h e  t h i r d  s h i f t  
d u r i n g  2B, a t r a n s i t i o n  t o  2 D  c o u l d  s t i l l  be  accommodated by 
s h i f t i n g  F i l m  P r o c e s s i n g  (21), i f  i t  c a n  b e  i n t e r r u p t e d ,  or by 
t el-iiiiiiating t he  m e d i c a l  a c t i v i t y  ('-+A), i f  p r i o r i t i e s  p e r m i t .  

F l a r e s  o c c u r r i n g  ea r ly  i n  t h e  s h i f t  are g e n e r a l l y  
accommodated w i t h o u t  i m p a c t  b y  d e l a y i n g  Modi f i ed  Watch (1B) o r  
o t h e r  c u r r e n t  s h o r t  d u r a t i o n  manned modes ( t h e  t i m e  f o r  E a r t h  
L o o k i n g ' s  Manual ( 3 C )  mode i s  c r i t i c a l  o n l y  i n  t h e  c a s e  o f  
p a r t i c u l a r  t a r g e t s  o f  o p p o r t u n i t y ,  and a n i m a l  f e e d i n g  t i m e  
( 5 B )  i s  m o d e r a t e l y  f l e x i b l e ) .  T h i s  l e a v e s  f o r  c o n s i d e r a t i o n  
t h e  end o f  t h e  s h i f t ,  when t h e  Maximum P e r s o n a l  Ma in tenance  (6C) 
mode l e a v e s  no men "xmminal ly"  a v a i l a b l e  f o r  work. 

A s  i n f e r r e d  from data  i n  R e f e r e n c e  9 ,  t h e  o c c u r r e n c e  
o f  f l a r e s  o f  i m p o r t a n c e  1 and up i n  1973 ( e a r l i e s t  da te  f o r  
t h e  S a t u r n  V Workshop s t u d y )  i s  e x p e c t e d  t o  be a b o u t  once  o r  
t w i c e  a d a y ,  f r e q u e n t  enough to p r o v i d e  ample f l a r e s  f o r  s t u d y  
w i t h o u t  d i s r u p t i o n  of  6 C .  However, m a j o r  f l a r e s ,  o f  i m p o r t a n c e  
2 and u p ,  s h o u l d  o n l y  o c c u r  a b o u t  once  a week,  and i m p o r t a n c e  
3 and up f l a r e s  a b o u t  once a month. These  rates w i l l  d e c r e a s e  
s i E n i f i c a n t l y  f u r t h e r  t o  a minimum a t  t h e  s o l a r  c y c l e  low a t  
mid-decade ( a  b e t t e r  da t e  f o r  t h e  m i s s i o n  o f  t h i s  s t u d y ) .  The 
c h a n c e ,  t h e n ,  o f  a m a j o r  f l a r e  ( i m p o r t a n c e  2 and 3) o c c u r r i n g  
t lur i rq:  a n d ,  h e n c e ,  c o n f l i c t i n g  w i t h  a Maximum P e r s o n a l  Ma in tenance  
( G C )  mode (wh ich  e x i s t s  f o r  l / 4  o f  e v e r y  d a y )  i n  a 1975 m i s s i o n  i s  
Less t h a n  once  a month."  I t  would seem r e a s o n a b l e ,  t h e r e f o r e ,  
t o  d i s r u p t  t h e  p e r s o n a l  m a i n t e n a n c e  a c t i v i t i e s  o f  two o f  t h e  
Your awake  men i n  6~ f o r  such  a n  o c c u r r e n c e .  It s h o u l d  be 
rcmembered ,  f o r  t h i s  and o t h e r  i n f r e q u e n t  c o n f l i c t s  be tween  
pressing c o n t i n g e n c i e s  a n d  t h e  Maximum P e r s o n a l  Ma in tenance  
( G C )  mode, t h a t  even  though  s i x  a s t r o n a u t s  a re  i n v o l v e d  i n  
G C ,  arid s h o u l d  be  c o n s i d e r e d  u n a v a i l a b l e  f o r  r o u t i n e  a c t i v i t i e s ,  
a n y  number  o f  them up t o  t h e  f u l l  complement c a n  be a s s i g n e d  t o  
: l e t i o n  commensurate  w i t h  t h e  c i r c u m s t a n c e s .  

"The j o i n t  p r o b a b i l i t y  o f  t h e i r  o c c u r r e n c e  on any one day  
were t h e  m i s s i o n  t o  t ake  p l a c e  i n  1973 i s  1/11 x 1/7 = 1/28. 
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Wi1,hout t r e a t i n g  t h e  s u b j  c c t  I n  ( tc tni  7 , t . h c 3  : I u t  1 1 0 t .  
estirnatr2s t h a t  t h e  t i m e - l i n e - I m p a c t  o f  mnin ten ;mcc  :ict,i v i l l i  t':: 
w i l l  b e  less t h a n  t h a t  o f  s o l a r  f l a r e s  on a 1973 m i s s i o n .  A s  
nrguecl be low,  t h e  f r e q u e n c y  may be on t h e  o r d e r  o f  o n c e  a 
w e e k .  A d d i t i o n a l l y ,  i f  a r e p a i r  c a n  n o t  be c o n v e n i e n t l y  
a t t e n d e d  t o  i m m e d i a t e l y ,  i t  w i l l  u s u a l l y  b e  p o s s i b l e  to d e l a y  
i t  u n t i l  spare  manpower i s  a v a i l a b l e .  R e f e r e n c e  1 0  i n  i t s  
n t i : l l y s i s  of t h e  m a i n t a i n a b i l i t y  of  a l o n g  d u r a t i o n  e n v i r o n m e n t a l  
c * o r i L r o l / l i f e  s u p p o r t  sys t em (EC/LSS)  es t imates  t h e  mean t i m e  
b c t w t e n  f a i l u r e  (MTBF) o f  components i n  t h e  combined f u n c t i o n a l  
(l:C/LSS) and  f a u l t  d e t e c t i o n  s y s t e m  t o  be  3 9 2  h o u r s ,  or a b o u t  
16 d a y s .  
f a u l t  d e t e c t i o n  s y s t e m  must h a v e  had a n  MTBF o f  20 d a y s  
( 1 / 8 5  + 1 / 2 0  = 1/16]. The w r i t e r ,  f o r  a b a l l p a r k  estimate,  
assumed t h e  e x i s t e n c e  of abou t  f i v e  o p e r a t i o n a l  (EC/LSS, E l e c t r i c  
Power S y s t e m ,  Data Management Sys tem,  Communication Sys t em,  and 
A t t i t u d e  C o n t r o l  Sys t em)  and  t h r e e  e x p e r i m e n t a l  (As t ronomy,  
Earth Looking ,  and IMBLMS) m a j o r  hardware s y s t e m s  o f  r o u g h l y  
e q u a l  c o m p l e x i t y ,  g i v i n g  them a j o i n t  MTBF o f  85/8 = 11 d a y s .  
N o w ,  a s suming  t h a t  o u r  f a u l t  d e t e c t i o n  s y s t e m  is a b r o a d l y  
a p p l i c a b l e  v e r s i o n  of  t h a t  o f  t h e  r e f e r e n c e ,  ( b u t  a l s o  more 
r e f i n e d  i n  o r d e r  t o  have abou t  t h e  same MTBF), w e  have  a j o i n t  
M'I'RF o f  components  f o r  o u r  m i s s i o n  of  a b o u t  s e v e n  d a y s  
(8/85+1/20 = l / ' j ' ) ,  or one week.* 

S i n c e  t h e  EC/LSS a l o n e  had an MTBF o f  85 d a y s ,  t h e  

Also f rom R e f e r e n c e  1 0 ,  i n d i c a t i o n s  are  t h a t  one  h o u r  
s t iou ld  b e  a d e q u a t e  t i m e  in which t o  e f f e c t  most  r e p a i r s  (component  
r e p l a c e m e n t s ) .  T h i s  b e i n g  t h e  c a s e ,  F i g u r e  2 e n a b l e s  u s  to see 
that w e  r a r e l y  have  t o  d e l a y  a r epa i r  beyond t h e  s h i f t  i n  which 
t h e  f a i l u r e  o c c u r s ,  i f  anybody i s  c a p a b l e  o f  p e r f o r m i n g  i t ,  n o r  
more t h a n  a d a y ,  i f  only one o f  t h e  crew has t h e  n e c e s s a r y  
c > x p e r t i s e .  Aga in ,  i n  a n  emergency,  t h e  r i g h t  man or men c a n  
b c  p u t  o n  t h e  j o b  w i t h i n ,  a t  m o s t ,  t h e  t i m e  n e c e s s a r y  t o  wake 
up and become a c q u a i n t e d  w i t h  t h e  p rob lem.  

R c s o u r c e  Requ i remen t s  -- _-I 

It i s  s e e n ,  from t h e  summed da t a  a l o n g  the b o t t o m  o f  
b i ? ;u re  2 and f rom p r e v i o u s  d i s c u s s i o n ,  t h a t  t h e  manpower 
r c c u l a r l y  a v a i l a b l e  f o r  work o n  t h e  assumed s c h e d u l e  s h o u l d  b e  
a d e q u a t e  t o  h a n d l e  a l l  nominal  and most  o f f - n o m i n a l  s i t u a t i o n s .  

" I n  o r d e r  t o  a v o i d  a n  u n a c c e p t a b l y  h i g h  m u l t i p l e  f a i l u r e  r a t e ,  
Lhis MTBF may have  t o  be c o n s i d e r e d  a d e s i g n  minimum r e q u i r e m e n t .  
Note t h a t  two f a i l u r e s  i n  one day  m i g h t  be  e x p e c t e d  e v e r y  s e v e n  
w e e k s  and  t r i p l e  f a i l u r e s  e v e r y  y e a r  ( 4 9  weeks) .  T h i s  i s  n o t  
o b j e c t i o n a b l e  f rom a t i m e - l i n e  p o i n t  o f  v iew.  A s u b s t a n t i a l l y  
h i g h e r  r a t e  would b e .  
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Power r e q u i r e m e n t s  a l s o  f a l x  w i t h i n  t h e  1 0  k i l o w a t t  c a p a b i l i t y  
e x p e c t e d  t o  be d e v e l o p e d  f o r h a n  S-V Workshop(8 ) .  
t h e r e  i s  a k i l o w a t t  t o  s p a r e ,  w i t h  l i t t l e  f l u c t u a t i o n  a b o u t  
t h e  a v e r a g e .  * 

U s u a l l y ,  

The b i t  r a t e  r e q u i r e m e n t s  d e s e r v e  some s p e c i a l  
a t t e n t i o n .  It i s  assumed t h a t  as much da t a  as p o s s i b l e  w i l l  
be  t r a n s m i t t e d  d o w n , p a r t l y  t o  s a v e  r e t u r n  we igh t  and min imize  
t h e  r i s k  o f  d a t a  loss, b u t  maimly t o  g i v e  e a r l y  i n s i g h t  i n t o  
e x p e r i m e n t  r e s u l t s  i n  o r d e r  t o  maximize t h e  p r i n c i p a l  i n v e s t i g a t o r ’ s  
a b i l i t y  t o  r e p r o g r a m  his e x p e r i m e n t .  The b i t  r a t e s  i n d i c a t e d  
on F i g u r e  2 are p r e l i m i n a r y  e s t i m a t e s  o f  t h e  maximum s u s t a i n e d  
(say, for a t  l e a s t  a m i n u t e )  telemetered r a t e s .  These  
tixceeci t h e  maximum s u s t a i n e d  on-board e l e c t r o n i c  r e c o r d  r a t e s ,  
s J n c e  t r a n s m i s s i o n  can  o n l y  take p l a c e  f o r  a f r a c t i o n  o f  e a c h  
or.bFt ( a s suming  no synchronous  s a t e l l i t e  s u p p o r t )  and r e c o r d i n g  
can  be c o n t i n u o u s .  I f  a t e l e m e t r y  c a p a b i l i t y  o f  20 x l o 6  b i t s  
p c r  s e c o n d  ( b p s )  i s  assumed%*,  t h e  p r e l i m i n a r y  n a t u r e  o f  t h e  
es t imates  i n  F i g u r e  2 i s  n o t  o f  much consequence .  E r r o r s  o f  one  
t o  two o r d e r s  o f  magn i tude  can be r e a d i l y  t o l e r a t e d ,  w i t h  t h e  
e x c e p t i o n  o f  a few v e r y  h igh  r e q u i r e m e n t s  ( p h o t o g r a p h i c )  i n  
t h e  Astronomy and  E a r t h  Looking s u b s e q u e n c e s .  

The e x c e p t i o n s  r e f e r r e d  t o  above  are t h e  lo8 b p s  for 
t h e  A c t i v e  Sun ( 2 C )  and F l a r e  (2D) modes o f  t h e  Astronomy 
s u b s e q u e n c e  and  t h e  up  t o  2 x l o 9  b p s  f o r  t h e  Automat ic  ( 3 B )  
arid Manual ( 3 C )  modes o f  t h e  E a r t h  Looking s u b s e q u e n c e .  
R e f e r e n c e  11 makes some v e r y  sound s u g g e s t i o n s  as  t o  how t h e  
h l g h  data t a k i n g  r a t e s  o f  t h e s e  modes (due  t o  t h e i r  p h o t o g r a p h i c  
n a t u r e )  can  be  k e p t  f rom f o r c i n g  t r a n s m i s s i o n  r e q u i r e m e n t s  t o  
e x c e e d  r e a s o n a b l e  l i m i t s  o f ,  s a y ,  2 0  Mbps. These t e c h n i q u e s  
i i i c l r ide  the  s e l e c t i o n  by t h e  a s t r o n a u t s  o f  t h e  p i c t u r e s  or p a r t s  
o f  p i c t u r e s  t o  b e  s e n t  w i t h  h i g h  f i d e l i t y  and t h e  t r a n s m i s s i o n  
of lower q u a l i t y ,  TV f a c s i m i l i e s  where t h i s  w i l l  do  u n t i l  t h e  
har.d copy c a n  be r e t u r n e d  ( a b o u t  9 0  d a y s ,  m a x . ) .  

*A d e t a i l e d  s t u d y  w i t h  more emphas i s  on  c o n f i g u r a t i o n  and  
e x p e r i m e n t s  would show s t r u c t u r e  i n  t h e  power p r o f i l e .  P a r t i c u l a r l y  
i f  t h e  e x p e r i m e n t s  packages  are m a n u f a c t u r e d  as separate  modu les ,  
i t  may b e  a d v a n t a g e o u s  t o  s u p p l y  power a t  a c o n s t a n t  r a t e  and 
u s e  p e a k i n g  b a t t e r i e s ,  i f  n e c e s s a r y ,  w i t h i n  t h e  modu les .  

**1-20 Mbps, which would a l l o w  TV o f  a l m o s t  commerc ia l  
q u a l i t y ,  has been  c o n s i d e r e d  a r e a s o n a b l e  c a p a b i l i t y  t o  b u i l d  
i n t o  a n  o r b i t i n g  workshop i n  t h e  1970’s (11 1 
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V .  SUMDPARY AND CONCLUSIONS 

The a c t i v i t i e s  of a t y p i c a l  day on a m u l t i - d i s c i p l i n a r y ,  
c:trt\i o r b i t i n g  s p a c e  s t a t i o n  have  b e e n  d i s c u s s e d  and  g r a p h i c a l l y  
dc: ;cr ibed.  The  p h y s i c a l  s e t t i n g  of  t h e  m i s s i o n  i s  a s p a c e  
s t a t i o n  w i t h  i n d e p e n d e n t  e x p e r i m e n t  p o i n t i n g  c a p a b i l i t i e s  and 
largely au tomated  o p e r a t i o n s .  A crew of s i x  f o l l o w s  a t h r e e  
s h i f t  day o f  two men as leep and  f o u r  awake a t  a l l  t imes,  t o  
a l l o w  a n  a p p r o x i m a t e l y  c o n t i n u o u s  l e v e l  o f  p r o d u c t i v e  a c t i v i t y ,  
T h e  l a t t e r  c o n s i s t s  of t h e  au tomated  a n d / o r  manual  p e r f o r m a n c e  
of s e v e r a l  d i s t i n c t  g r o u p s  of e x p e r i m e n t s ,  p r i n c i p a l l y  i n  t h e  
z reas  of  a s t r o n o m y ,  earth a p p l i c a t i o n s ,  b i o m e d i c i n e ,  and  b i o s c i e n c e .  
'The g r a p h i c a l  s e q u e n c e  p l a n n i n g  t e c h n i q u e  a d o p t e d  has p r o v i d e d  
a u s e f u l  way of o r g a n i z i n g  and c o l l e c t i v e l y  examin ing  t h e  
v a r i o u s  d i s c i p l i n e s  and t h e i r  r e q u i r e m e n t s .  F u r t h e r  d e f i n i t i o n  
of t h e  e x p e r i m e n t  d i s c i p l i n e s  i s  i n  p r o g r e s s  and w i l l  be r e p o r t e d  
s h o r t l y .  

The s t u d y  s u g g e s t s  t h a t  whenever  men are a v a i l a b l e  
f o r  work one man s h o u l d  g e n e r a l l y  b e  k e p t  f r e e  of " c o n n e c t e d  
t y p e "  tasks ( t h o s e  which c o u l d  be d e g r a d e d  by i n t e r r u p t i o n s ) .  
This would a l l o w  h i s  s p o t  a s s i g n m e n t  t o  meet t h e  numerous 
u n s c h e d u l e d  e v e n t s  r e q u i r i n g  a d d i t i o n a l  manned a t t e n t i o n  and  
would f r ee  t h e  o t h e r  men f r o m  i n t e r r u p t i o n  when t h e y  are  a s s i g n e d .  
to a c t i v i t i e s  r e q u i r i n g  c o n t i n u i t y  o r  r e g u l a r i t y .  The p r e s e n t e d  
m i s s i o n  sequence  p l a n  h a s  s u f f i c i e n t  s c h e d u l i n g  f l e x i b i l i t y  t o  
permit t h e  p e r f o r m a n c e  of a s i z e a b l e  ccmplement o f  preprogrammed 
e x p e r i m e n t s ,  a v a r i e t y  of p l a n n e d ,  short d u r a t i o n  tasks ,  and  a 
r e a s o n a b l e  number o f  a n t i c i p a t e d  co r i t i ngency  and emergency 
tasks .  While no c l a i m  i s  made as t o  h a v i n g  p r e s e n t e d  t h e  optimum 
way of r u n n i n g  a n  e a r t h  o r b i t a l  e x p e r i m e n t  program,  t h i s  memoran- 
dum l e n d s  s t r o n g  s u p p o r t  t o  t h e  f e a s i b i l i t y  and p r a c t i c a l i t y  
of t h e  s e l e c t e d  m i s s i o n  and  modus o p e r a n d i ,  
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TITLE- M i s s i o n  Sequence  Plan fora a I v l u l t i -  r M J ) $ -  I O  I 1-0 
D i : ; c i p l i n a r y  Ear th  O r b i t a l  :;pace 
; t a t i o n  - A P r e l i m i n a r y  R e p o r t .  

FILING CASE NO(SI- 7 2 0  ~ ~ ~ ~ - D e c e m b e r  27, lgbS 

AUTHOR(S)- S .  L .  Penn 

Manned M u l t i - D i s c i p l i n a r y  Space  S t a t i o n  

T h e  s u b j e c t  r e p o r t  p r o v i d e s  a n  o v e r v i e w  o f  t h e  

daily conduc t  o f  t y p i c a l  a c t i v i t i e s  on a m u l t i - d i s c i p l i n a r y ,  rn 

ear t l l  o r b i t a l ,  advanced  manned m i s s i o n ,  t h e  base l i n e  con- 
f i ! : u r a t i o n  for which i s  a l o o s e  i n t e r p r e t a t i o n  of  a S a t u r n  V ,  

ib '!  Workshop. P r e l i m i n a r y  d e s c r i p t i o n s  o f  t h e  p r i n c i p a l  op- 
e r a t i o n a l  and e x p e r i m e n t a l  d i s c i p l i n e s  a re  r e v i e w e d ,  and  t h e n  
p r c z e n t e d  g r a p h i c a l l y  as  a c o m p a t i b l e ,  p a r a l l e l  a n d  s e r i e s ,  
:.t=quence of  e v e n t s  and a c t i v i t i e s .  Nominal and  o f f - n o m i n a l  
o p e r a t i o n s  a re  d i s c u s s e d .  I t  i s  shown t h a t  a crew of s i x  on 
a t l ~ r e e  s h i f t  d a y  w i t h  two men a s l eep  and  f o u r  awake a t  a l l  
times w i l l  a l l o w  a r e l a t i v e l y  c o n t i n u o u s  l e v e l  o f  s c h e d u l e d ,  
p r o d u c t i v e  a c t i v i t y .  ' l 'h is  w i l l  also p e r m i t  s u f f i c i e n t  f l e x i -  
L)i I i t y  f o r  the r e a d y  pe r fo rmance  of  a v a r i e t y  o f  u n s c h e d u l e d ,  
i t i (a l i id i i ig  c o n t i n g e n c y ,  tasks as l o n g  as one of  t h e  men 
; i v : i i l a L ) l c l  fox. work i s  g e n e r a l l y  f r e e  o f  commitment t o  

" ~ . ~ o ~ i i l ~ ~ c t , e d  type'' a c t i v i t i e s .  

SEE REVERSE SIDE 


